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Wave functions display complex patterns which are intensively studied in many branches of mathematics and physics. Their value distributions, nodal sets, extreme values and localization properties-to cite a few examples-are investigated using diverse methods developed within a network of fields whose connectivity leaves a lot to be desired. The Theo Murphy Meeting 'Complex patterns in wave functions: drums, graphs and disorder' brought together leading mathematicians and physicists in these fields for a few days in the late summer of 2012 in the splendid location of the Kavli Royal Society International Centre in Chicheley Hall. The welcoming atmosphere of Chicheley Hall and its special ambiance induced lively discussions during and between the seminar sessions, and well into the evenings. As scientific organizers, we are content that the goal of the meeting-to induce cooperations and lively discussions between the participants-was so amply achieved.
A large number of invited speakers and participants have agreed to contribute short reviews or original research articles to this Theo Murphy Meeting Issue of the Philosophical Transactions of the Royal Society. These contributions reflect the flavour of the many different topics that were discussed during the meeting and we expect them to be of value for the wider research community.
Three review articles provide a summary of the current state on some research issues: Ueberschär [1] gives his expert overview on wave functions on tori in the presence of point scatterers, Noja [2] summarizes the state of the art on nonlinear wave equations on metric graphs and Chernyshev & Shafarevich [3] review recent work on the dynamics of Gaussian wave packets on graphs and their statistics. One focus theme of the seminars and the discussion during the meeting was the properties of nodal sets in graphs, drums and more general systems-and closely related topics such as spectral equipartitions. Five contributions presenting original research results summarize some aspects of this subject: Berkolaiko & Weyand [4] present their recent results on the effect of magnetic perturbations on the spectrum and on nodal counts in graphs, Band [5] uses related methods to prove that a graph with nodal count which is Courant-sharp 0, 1, 2, 3, . . . must be a tree, Gnutzmann & Lois [6] give analytic estimates and numerical evidence for the distribution of typical nodal volumes in large dimensional systems, McDonald & Fulling [7] introduce a variation of the nodal set by defining and analysing Neumann nodal domains and Bérard & Helffer [8] derive rigorous bounds for the volume of boundaries of spectral equipartitions.
Other topics of the meeting include wave function statistics, quantum ergodicity, random fields, random-matrix theory and spectral statistics. Some of the corresponding discussions are reflected in the remaining four original research contributions to this issue: Zelditch [9] discusses random orthonormal bases in large dimensional Hilbert spaces and proves that they are almost surely quantum ergodic, Oren & Smilansky [10] investigate spectral statistics of permutation matrices, Atas & Bogomolny [11] analyse the multi-fractal properties of wave functions in spin chains and Fyodorov & Keating [12] give a very detailed account of their asymptotic analysis of extreme value statistics for characteristic functions of random matrices and the Riemann zeta function.
As organizers of the meeting and guest editors of this issue we are delighted with the excellent level of the lectures during the meeting and of the contributions to this issue, for which we would like to thank all seminar speakers and authors.
Special thanks are extended to the Royal Society for its support of the meeting, above all to Ms Tracy Wheeler for the organization of the meeting, and to Ms Suzanne Abbott and Helen Eaton for their assistance in putting this issue together.
